Abstract: Innovation projects represent a major challenge for business managers due to their associated uncertainty degree. The already existing methodologies to support the innovation projects are aimed at piloting them and establishing the management stages in a flexible and agile way during their deployment. This paper proposes a complementary ex-ante methodology that seeks to aid the decision-making of companies to choose whether or not to launch a potential innovation project. This methodology evaluates to what extent the technological system of the company has the minimum required maturity degree of competencies to successfully achieve the innovation project. Thus, in first instance, an innovation project is characterized according to its novelty degree; both inside the company and in its environment. Subsequently, according to the previous characterization, the future project will have an impact on the technological system of the company. The capabilities of the firm are represented by a set of good practices associated with the innovation projects' management that the company is able to deploy. Finally, the minimum maturity degree required by a particular project of these practices is determined. Then, the gap between the maturity requirement profile and the current profile of the company is established enabling to decide on the implementation of the project or not.
Introduction
An innovation is the implementation of a new or significantly improved product (good or service), or process, a new marketing method, or a new organizational method in business practices, workplace organization or external relations. The minimum requirement for an innovation is that the product, process, marketing method or organizational method must be new (or significantly improved) to the firm (Mortensen and Bloch 2005) . So, Innovation presents a series of advantages for the economic development of companies (Atalay et al. 2013; Rosenbusch et al. 2011; Santos et al. 2014 ). But innovation is also closely linked to the concept of uncertainty and fuzziness, making the management of this process a complex task (Boly et al. 2016; Candi et al. 2013) . Moreover, there is a direct relationship between novelty degree and complexity in innovation projects, leading this type of project to be managed differently than traditional projects. Indeed, the novelty degree represents a key difference between an innovation project and a traditional one (Garcia and Calantone 2002) . Moreover, risk management in innovative projects is one of the most difficult tasks in project management due to high degree of uncertainty which is intrinsic to innovative projects (Batkovskiy et al. 2015) . The principal risks in the phase of development and implementation of an innovative project include the risk of non-feasibility of the innovative idea, the risk of acceptability to calculate the minimum maturity level for each of the evaluated practices enabling the company to manage the project. Therefore, the project's profile of exigence on the technological system is obtained. The methodology application will be illustrated through two case studies representing projects with different novelty degrees, showing the relevance of the proposed algorithm to determine the required profile according to project main features.
The present paper is structured as follows: Section 2 analyzes the different innovation project management methodologies and reviews the associated good practices. Section 3 proposes the methodology to evaluate the maturity degree of the company's technological system and presents a multicriteria algorithm to determine the profile required by the innovation project. Then, Section 4 illustrates the proposed methodology by two cases of innovation projects and discuses managerial implications. To finish, Section 5 shows the conclusions and perspectives.
Overview of the Literature

Innovation Project Management
The Project Management Institute defines project management as the implementation of knowledge, skills, tools and technologies during the execution of the activities of a project in order to reach its requirements (Project Management Institute 2017) . The correct order and execution of these activities are crucial to determine the success or failure of the project. Failures in project management cause loss of financial resources, limiting the company's possibilities to generate profits (Eriksson et al. 2017) . Indeed, failures of projects generate many economic losses for companies; in 2011 losses of 150 billion dollars per year were reached in the United States (Larson and Gray 2011) . The failure probabilities increase when projects have a high innovation degree (García-Quevedo et al. 2018) . So, project complexity degree is a determining factor in choosing the management approach. Furthermore, complexity affects different variables to be considered within the development of the project, such as: monitoring, control, development times and their evaluation, among others (San Cristóbal 2017) . To manage the complexity properly, it is necessary to increase the flexibility of the project management model (Eriksson et al. 2017) .
Innovation projects are a clear example of increasing the complexity degree of a project. Their management is strongly marked by the adoption of flexible strategies for project planning (Candi et al. 2013 ). However, this high flexibility degree in innovation projects management makes the decision-making process difficult. Salerno et al. (2015) propose a study based on the theory of contingency to define the most appropriate configuration according to innovation project characteristics to be executed. They analyzed 132 innovation projects, determining eight possible methodologies or procedures to configure the innovation projects management.
Stage-gate is one of the most recognized methodologies in innovative projects management. Based on the innovation process, Cooper (1990) has determined a series of key milestones that must be evaluated to decide if the project should continue. These milestones are defined as gates that will be opened once the evaluation is done to define how to proceed in the next stage. An evaluation template is defined in each stage, calculating a score to decide if the project could keep going normally or if it must be modified, recycled, among other decision options. The division of the process allows better control of uncertainty, which seems particularly suitable for innovative projects. In addition, Stage Gate has the primary interest in paying particular attention to the front-end phase of the innovation process, which is not necessarily the case in other models. Another group of methodologies commonly used in innovation projects management is agile methodologies (Tripp and Armstrong 2016) . These methodologies are structured as a series of short cycles that allow rapid testing of project progress with users. These cycles allow a constant iteration to adapt the project to user needs, generating the necessary flexibility to manage the project complexity. One of the most used agile methodologies is SCRUM (Takeuchi and Nonaka 1986) .
These methodologies help to manage innovation projects in a flexible way, however they are oriented to project implementation but they do not support the decision-making process for the project launch stage.
Best Practices in Innovation Projects
The project management process relies on many practices that increase the chances of success of the project. The study of (Fernandes et al. 2015) aims to identify a set of key project management improvement initiatives to be implemented by firms. Comparing the results of a literature review with the opinion of practitioners through semi-structured interviews, they put forward a list of 15 initiatives related to technical, organizational, managerial and cultural aspects of the project management.
For the same purpose, Besner and Hobbs (2012) identify a project management toolset through a survey on a sample of 2339 practitioners. Their results lead to the identification of 19 patterns of practices related to project management.
On the other hand, Radujković and Sjekavica (2017) identify the project management core skills considering management, organization, tools and technologies.
In the specific context of the innovative projects, Claire et al. (2014) highlight that the uncertainty, the learning process and the lack of information about the innovative projects are some characteristics strengthening the project management complexity. This is why the innovative project management requires a flexible approach integrating compromises on the project characteristics.
So, through the French FD X50-271 standard on the innovation management, the AFNOR (2013) (Association française de normalisation) considers that these management actions occur at two levels in the organizations: the strategic management and the operational management of innovative projects. Considering this second level, the AFNOR consider simultaneously the temporal steps of the project: formulation, feasibility, development, launching as well as the interacting dimensions of the organization: marketing, technology, regulations, finance and organization. So, 16 categories of good practices are recommended to improve the innovative project management (Table 1) . From another perspective, Mitchell et al. (2014) were interested in the selection criteria of the innovation projects. They identify the selection factors which can be assimilated to success factors, enabling the selection of the most promising projects in the early stages of the innovation process. These factors concern, on one hand, the project feasibility (technical, organizational and cultural) and, on the other hand, the potential opportunities created by the project (value, market, etc. . . . ) . In terms of good practices, this study reflects the importance of a global vision. An innovative project should be integrated into the global strategy of the firm and into its global organization. Indeed, the success of an innovative project depends on the quality of its operational management but also on the capability of the organization to integrate the novelty induced by innovation Claire et al. 2014) . These researches put forward five management dimensions for the innovation project management defined as follows (Figure 1 Indeed, the success of an innovative project depends on the quality of its operational management but also on the capability of the organization to integrate the novelty induced by innovation Claire et al. 2014) . These researches put forward five management dimensions for the innovation project management defined as follows (Figure 1 ): Figure 1 . Dimensions of innovation project management Claire et al. 2014 ).
• Project Team: Ability of the project manager (mainly) to conduct the project development. Each of these management dimensions comprises a set of project management practices. Indeed, Claire et al. (2014) propose a list of 38 project management practices, classified according to these five management dimensions.
Based on the previous literature review, this study proposes a list of innovative project management practices inspired by all the mentioned studies (Table 2) . Boly et al. 2015; Claire et al. 2014; Fernandes et al. 2015; Radujković and Sjekavica 2017) 1.4 Management skills development Claire et al. 2014; Fernandes et al. 2015; Radujković and Sjekavica 2017) 1.5 Organizational process maturity (AFNOR 2013; Boly et al. 2015; Claire et al. 2014; Fernandes et al. 2015) 1 Each of these management dimensions comprises a set of project management practices. Indeed, Claire et al. (2014) propose a list of 38 project management practices, classified according to these five management dimensions.
Based on the previous literature review, this study proposes a list of innovative project management practices inspired by all the mentioned studies (Table 2) . Boly et al. 2015; Claire et al. 2014; Fernandes et al. 2015; Radujković and Sjekavica, 2017) 1.2 Project management skills development (AFNOR 2013; Boly et al. 2015; Claire et al. 2014; Fernandes et al. 2015; Radujković and Sjekavica 2017) 1.3 Financial management skills development (AFNOR 2013; Boly et al. 2015; Claire et al. 2014; Fernandes et al. 2015; Radujković and Sjekavica 2017) 1.4 Management skills development Claire et al. 2014; Fernandes et al. 2015 (Besner and Hobbs 2012; Boly et al. 2015; Claire et al. 2014; Fernandes et al. 2015 
Methodology for Readiness Evaluation
The link between innovation, project complexity and technological system is reflected by the novelty degree. We consider that any innovation project has a more or less significant degree of novelty. This degree of novelty reflects a greater or lesser complexity in the management of this project, as well as a greater or lesser impact on the company's overall technological system. Our methodology quantifies this novelty degree in order to identify the requirement levels in terms of project management practices. As mentioned in Section 1, the proposed methodology is structured into four stages as shown in Figure 2 : 1-Project characterization, 2-Technological System identification, 3-Project impact assessment and 4-Required profile definition.
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Stage 1: Project Characterization According to Its Complexity
The main characteristic of an innovative project is its complexity. A greater project complexity degree implies a more difficult management process, therefore, higher requirements for the company's technological system. The authors propose a classification of innovation projects based on their novelty degree (Boly et al. 2012; Garcia and Calantone 2002) . A novelty matrix is proposed (Figure 3 ) measuring on the x-axis the external novelty degree and on the y-axis the internal novelty degree. The internal axis evaluates the necessary preparation of the company and the estimated duration of the innovation project. The duration has to be adapted upon the considered sector. The external axis evaluates the knowledge sources necessary for project development (Garcia and Calantone 2002) . Brook and Pagnanelli (2014) postulate that the project novelty degree should impact the technological system of the company through the internal knowledge or in its relationship with the environment. And according to the definition of Mortensen and Bloch (2005) , an innovation can concern a product/service, a process, a sales method, or an organizational method. So, the novelty of an innovation is integrated into one or more of these elements. That is why, relying on this definition, three variables are defined to quantify the internal impact of the project: product range (P), fabrication process (F) and distribution channel (S). We have chosen to keep only these three elements, because we consider that the organizational novelty can be considered as a potential combination of the other three. The external impact will be quantified through the variable customer market (C). Indeed, any change concerning the targeted market of the company represents a new challenge (Talke et al. 2009 ). These four variables are independent of each other. Therefore, each of these variables must be evaluated through a novelty matrix. Thus, the four assessment matrices originate a vector (P; F; S; C) 
The main characteristic of an innovative project is its complexity. A greater project complexity degree implies a more difficult management process, therefore, higher requirements for the company's technological system. The authors propose a classification of innovation projects based on their novelty degree (Boly et al. 2012; Garcia and Calantone 2002) . A novelty matrix is proposed (Figure 3 ) measuring on the x-axis the external novelty degree and on the y-axis the internal novelty degree. The internal axis evaluates the necessary preparation of the company and the estimated duration of the innovation project. The duration has to be adapted upon the considered sector. The external axis evaluates the knowledge sources necessary for project development (Garcia and Calantone 2002 with values between 1 and 4, depending on the novelty degree that the project has for the four variables (4 representing the higher novelty degree). 
Stage 2: Technological System Components
In the Section 2.2 a framework for innovative project management practices was established. So, we can define the technological system of a company based on five dimensions that are decomposed into a good practices group (see Table 2 ). Each one of these practices represents an element to be evaluated in order to determine the development degree of the company's technological system. Consequently, a maturity grid will be associated to each practice, constituting an evaluation matrix of dimension (38 × 4). The number 38 represents the practices to be evaluated and the number 4 shows the different maturity levels. The maturity grids are regularly used to measure the internal practices of the organizations (Antunes et al. 2014; Zhang et al. 2012; Wendler 2012 ). The maturity grids thus make it possible to describe in a progressive and gradual way the necessary stages to reach a level of Brook and Pagnanelli (2014) postulate that the project novelty degree should impact the technological system of the company through the internal knowledge or in its relationship with the environment. And according to the definition of Mortensen and Bloch (2005) , an innovation can concern a product/service, a process, a sales method, or an organizational method. So, the novelty of an innovation is integrated into one or more of these elements. That is why, relying on this definition, three variables are defined to quantify the internal impact of the project: product range (P), fabrication process (F) and distribution channel (S). We have chosen to keep only these three elements, because we consider that the organizational novelty can be considered as a potential combination of the other three. The external impact will be quantified through the variable customer market (C). Indeed, any change concerning the targeted market of the company represents a new challenge (Talke et al. 2009 ). These four variables are independent of each other. Therefore, each of these variables must be evaluated through a novelty matrix. Thus, the four assessment matrices originate a vector (P; F; S; C) with values between 1 and 4, depending on the novelty degree that the project has for the four variables (4 representing the higher novelty degree).
In the Section 2.2 a framework for innovative project management practices was established. So, we can define the technological system of a company based on five dimensions that are decomposed into a good practices group (see Table 2 ). Each one of these practices represents an element to be evaluated in order to determine the development degree of the company's technological system. Consequently, a maturity grid will be associated to each practice, constituting an evaluation matrix of dimension (38 × 4). The number 38 represents the practices to be evaluated and the number 4 shows the different maturity levels. The maturity grids are regularly used to measure the internal practices of the organizations (Antunes et al. 2014; Zhang et al. 2012; Wendler 2012) . The maturity grids thus make it possible to describe in a progressive and gradual way the necessary stages to reach a level of maximum development concerning a considered activity (Maier et al. 2012 ). These maturity levels show the possible performance that the company can achieve in a particular practice starting with the worst possible level (lowest level of maturity) reaching an optimum level (total level maturity) (Table 3 : example). It was decided to work with four levels by analogy to the innovative companies' classification in four categories proposed by (Godet 2007) . One of the advantages of the maturity grid is that it defines each of the levels as descriptive texts that allow improving the understanding of the practice to be evaluated and decreases the subjectivity to make the evaluation.
Stage 3: Project Impact Assessment
The third necessary element to establish the methodology is the method to quantify the project impact on the technological system of the company. For this, a matrix is constituted based on the number of practices versus the 4 variables that can be affected by the project complexity. The elements of this matrix can take three values that represent the impact intensity per variable for each of the practices. These three degrees of intensity are: zero impact (value = 0), average impact (value = 0.5) and total impact (value = 1).
Stage 4: Requirement Profile Definition
Finally, the methodology proposes an algorithm to integrate the three elements defined in the previous stages and thus define the exigency profile of the innovation project on the technological system of the company. First, a gross impact score (GIS) is defined (Equation (1)), which is represented by the multiplication between the impact matrix and the variables vector.
Moreover, if a variable is affected in the project characterization matrix and that variable also has an impact of at least 0.5 in the impact matrix, that variable is really affected in the corresponding practice. For example, if we have the characterization vector: (2; 1; 3; 0) and in the impact matrix the row corresponding to practice 1.1 is: (0; 1; 0.5; 1). In this practice, two variables are really affected corresponding to the fabrication process (F) and distribution channel (S), because these are the only variables having values different to zero for both the characterization vector and the impact matrix. The customer market variable (C), is not affected since in the characterization vector its value is zero, while the variable product range (P,) is not affected since in the impact matrix its value is zero, Then, if more variables are affected, greater will be complexity that the company must manage, therefore, to take into account this phenomenon, an index of complementary complexity (CCI) is proposed Table 4 . Then, the sum of the gross impact score and the complementary complexity index allows the calculation of the global impact that the project will have on the practices of the technological system.
The Global Impact Index has a range of 0 to 20; however, the practices of the technological system are evaluated with a grid system of four levels maturity. Therefore, it is necessary to normalize the global impact range to the four-level scale of the maturity grids. This adjustment was made based on the opinion of experts and the feedback of a group of companies. The result is shown in the next table.
Moreover, the set of requirement levels for each of the 38 practices defines the project requirement profile on the company technological system. In this way, by comparing it with the evaluation made at the current maturity level of the company technological system, it will be known if it supports the project requirements.
Two Illustrative Case Studies: Innovative Projects in Different Firm Contexts
This section describes two different cases of application of the proposed methodology. They represent innovation projects with different characteristics, especially in terms of novelty degree.
Case Study 1: Project A
The first case study concerns a start-up company within optical components sector, through the development and the commercialization of standard control solutions for all, professionals and manufacturers of spectacle lenses. The proposed innovation is based on the automatic detection of the lens axis and the visualization of the engravings on their frames; the company considers developing a product enabling to track the machining quality control and the lenses edging/mounting simultaneously.
In order to start the innovation project assessment, the project manager, together with a group of experts, characterizes the project according to the four variables defined in Stage 1. In this case, this project represents a weak novelty degree, for both the internal areas of the company as well as for its external environment. Figure 4 shows the variables of product range (P), distribution channel (S) and customer market (C), have a low impact evaluated by 1, whereas the variable fabrication process (F) is not affected, so has an impact of zero. Therefore, the resulting vector is (1; 0; 1; 1).
Two Illustrative Case Studies: Innovative Projects in Different Firm Contexts
Case Study 1: Project A
In order to start the innovation project assessment, the project manager, together with a group of experts, characterizes the project according to the four variables defined in Stage 1. In this case, this project represents a weak novelty degree, for both the internal areas of the company as well as for its external environment. Figure 4 shows the variables of product range (P), distribution channel (S) and customer market (C), have a low impact evaluated by 1, whereas the variable fabrication process (F) is not affected, so has an impact of zero. Therefore, the resulting vector is (1; 0; 1; 1). Regarding the company characteristics, it is necessary to evaluate the current maturity degree of the technological system and define the impact matrix. The project manager answered a survey based on the above described maturity grids to determine the maturity profile of the 38 practices that characterizes the company's technological system as defined in Stage 2 of the methodology. The impact matrix is constructed from the opinion of an experts group, as an example the matrix for the Regarding the company characteristics, it is necessary to evaluate the current maturity degree of the technological system and define the impact matrix. The project manager answered a survey based on the above described maturity grids to determine the maturity profile of the 38 practices that characterizes the company's technological system as defined in Stage 2 of the methodology. The impact matrix is constructed from the opinion of an experts group, as an example the matrix for the 8 practices associated with the management level of market (practices 5.1 to 5.8, see Table 2 ) is evaluated as follows:
Then, using the impact matrix and the project characterization vector, the gross impact score and the complementary complexity index are defined. Using equation 1, the product of the impact matrix and the project characterization vector, allows obtaining a vector of 38 elements that shows the gross impact score of the project. Continuing with the example of management level of market, (practices 5.1 to 5.8), the GIS is shown for the eight associated practices. 
The complementary complexity index (CCI) is constructed by comparing the elements of each row of the impact matrix with the elements of the project characterization vector. If both in the matrix and in the vector the compared element is at least 0.5, it is considered that the associated variable is really affected. Then, according to Table 4 , the complementary complexity index of each of 38 practices is determined. This index is shown below for the eight practices of the management level of market. CCI = (3 3 3 3 3 3 2 3)
Then the global impact is given by the sum between GIS and the complementary complexity index, doing this exercise for the eight practices associated with the market: GIS + CCI = Global impact index (3 3 3 2 3 3 2 2.5) + (3 3 3 3 3 3 2 3) = (6 6 6 5 6 6 4 5.5) Finally, according to global impact index, Table 5 allows calculating the project requirement level for the different practices. Of the practices associated with the market, only practice 5.7 (distribution mode design), shows a requirement level of 1 ([0; 4]), while the remaining seven practices are in the requirement range of 2 ([4; 8] ). Figure 5 shows the comparison between the project requirement level (red line) and maturity level of the company technological system evaluated in Stage 2 (blue line). In this case, the maturity degree of the company technological system is below the project requirement level in 12 of the 38 practices, i.e. by 31.5%. The most critical management level is the financial structure, since the company only covers one of the seven associated practices, considerably increasing the probability of project failure due to a lack of financial support. The potential recommendation for the company is that it has to work to strengthen its maturity level of the 12 practices that are below the project requirement level, giving priority to the practices associated with the financial structure.
Case Study 2: Project B
The second case study also concerns a company in the high-technology sector. This company considers implementing the design, production and commercialization of an easy-to-use drone In this case, the maturity degree of the company technological system is below the project requirement level in 12 of the 38 practices, i.e., by 31.5%. The most critical management level is the financial structure, since the company only covers one of the seven associated practices, considerably increasing the probability of project failure due to a lack of financial support. The potential recommendation for the company is that it has to work to strengthen its maturity level of the 12 practices that are below the project requirement level, giving priority to the practices associated with the financial structure.
The second case study also concerns a company in the high-technology sector. This company considers implementing the design, production and commercialization of an easy-to-use drone dedicated to professionals. It is controlled by a Smartphone application; the fully autonomous drone does fly from a predefined plan to make photographs and aerial mapping.
The project manager characterized the innovation project according to its novelty degree, obtaining the following vector (3; 2; 3; 2). Figure 6 shows the novelty matrix for the four variables, in this case there is an innovation project with a medium/high novelty degree.
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Conclusions
The innovation project management methodologies have focused on giving flexibility to the process during the development of the project, however following a proper project deployment does not enough to ensure a successful outcome. Thus, the methodology proposed in this paper appears as a complementary tool to know if the company is really able to manage a new project.
So, the company can make the decision to launch a new project knowing if its technological system can support this project. The evaluation of the development level of the company technological system can be applied at different times. Therefore, a company could evaluate its technological system before and after executing a project, allowing quantifying the degree of learning or the impact of a project on the company. So, the proposed tool offers a decision-making support but it also appears as a pedagogical tool. Indeed, the notion of learning is a very strong one in this 
So, the company can make the decision to launch a new project knowing if its technological system can support this project. The evaluation of the development level of the company technological system can be applied at different times. Therefore, a company could evaluate its technological system before and after executing a project, allowing quantifying the degree of learning or the impact of a project on the company. So, the proposed tool offers a decision-making support but it also appears as a pedagogical tool. Indeed, the notion of learning is a very strong one in this research work, because the identification of gaps does not necessarily mean that the company should not lead the project. This makes it possible to highlight the critical points to be addressed in order to set up a learning and skills upgrading process.
Moreover, this methodology opens the possibility of generating a projects portfolio based on the capability of the company to manage the complexity of innovation projects. The proposed tool can also be used as a standardized evaluation indicator to compare different projects on a similar basis. On the basis of this comparison, the company could choose the most appropriate project(s) for its own situation. Arbitrations can thus be made based on the gaps associated with each project and in accordance with the global strategy of the company.
Finally, at this stage of the research work, project management was mainly considered in closed innovation mode, which is a limitation of our study. However, a collaborative scenario could be envisaged. Companies that have a development profile of their technological system lower than the minimum required by the project in some practices can be associated with other companies that cover the gaps. Thus, highly complex projects could be developed as open innovation between companies with complementary technological systems.
Some implications of the proposed methodology for innovation managers:
• It gives a holistic vision of the project impacts, beyond the pure technical product features.
•
It allows a better comprehension of the company's technological system and the way to manage it.
It could provide communication elements to the company team, about the impacts and challenges on the new project's appropriation by the firm.
From a work perspective, field testing and feedback from innovation managers are very important to calibrate the proposed tool, mainly the impact matrix. In addition, the tool should consider integrating a mechanism to make decision-making flexible and dynamic in order to better adapt to the different characteristics of each project. Currently, some additional restrictions are being tested in the model. They are designed as conditional equations, i.e. they are activated only if the evaluated project complies with some defined characteristics. In this way, we seek to improve the adaptation of the proposed tool to the reality of companies when managing a new innovation project. Finally, as a perspective, there is the possibility of integrating an additional section in the tool to support the decision making to choose the most appropriate innovation project management methodology to implement, based on the characteristics of the company and the project.
